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Na#onal	  Ins#tute	  of	  Informa#on	  and	  Communica#ons	  Technology	

!  Operational space weather forecast in Regional Warning 
Center (RWC) Japan and solar flare forecast verification 
study	

!  Possibility to join flare scoreboard and newly developing flare 
forecasting model	

!  Possibility of cooperation of the other model validation 
efforts	



OPERATIONAL SPACE WEATHER FORECAST IN RWC JAPAN 
AND SOLAR FLARE FORECAST VERIFICATION STUDY 



Na#onal	  Ins#tute	  of	  Informa#on	  and	  Communica#ons	  Technology	

•  Only one operational space weather forecast 
agency in Japan.	

•  Responsible for issuing space weather forecasts 
every day.	

•  One of a Regional Warning Center in ISES.	
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Some RWC, especially old member of 
ISES, has exchanged information of 
forecast of solar flares, geomagnetic 
disturbances, and proton events.	
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Ursigram code 
(UGEOA)	

Solar flare 
forecast	

Maximum flare class within 24 hours 
from forecast issue time	

Maximum x-ray flux of 1-8Å within 
24 hours from forecast issue time	

0	 Quiet	 A or B class	 Fx < 10-6 W m-2	

1	 Eruptive	 C class	 10-6 ≦ Fx ＜ 10-5 W m-2	

2	 Active	 M class	 10-5 ≦ Fx ＜ 10-4 W m-2	

3	 Major Flare	 X class	 10-4 ≦ Fx W m-2	

Country	 Forecast issue time	

Sydney, Australia	 00:00 UT	

Jeju, Korea	 02:00 UT	

Boulder, US	 03:30 UT	

Tokyo, Japan	 06:00 UT	

Beijing, China	 06:30 UT	

Brussels, Belgium	 11:10 UT	
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!  Started in 1992, and continues up to now.	

!  Issued once a day at 06:00 UT for 365days/year	

!  4-categoly deterministic forecast for flare class	
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We use data of forecast-observation pair for 16 years (2000 to 2015 = 5844 days) in this verification study.	

Contingency table for our solar flare forecast 
for 16 years data. 	
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 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.450123Probability densityCode NumberForecastObservation

In view from marginal distribution, forecast-observation 
pair is almost unbiased.	A good association is appeared.	
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X-class was “not” the most frequently 
occurred when X-class had been 
forecasted.	

X-class had “not” the most frequently been 
forecasted when X-class was occurred.	
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•  Most of conventional scalar performance measures are defined only for dichotomous forecasts.	
•  Because our operational solar flare forecasts are multi-categorical forecasts, the contingency table must be 

collapsed to dichotomous forecasts when the conventional scalar performance measures are calculated.	
•  Define, for example, flare class is more than or equal to M class as events, and less than M class as no events.	
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The 95% confidence intervals 
are calculated by using 
score confidence interval 
(Agresti & Brent; 1998) and 
error propagation rule.	

Because of 3 degrees of freedom of the contingency 
table, at least 3 scores are required to completely 

describe these forecast performance.	
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•  Forecast: our operational forecast.	
•  Persistence: today’s forecast is the same as yesterday’s observation.	
•  Solar rotation: today’s forecast is the same as observation on 27 days ago.	

All scores for our operational forecast are better than 
solar rotation and persistence methods (false alerm rate 
F is negative orientation measure).	
However, a difference between forecast and persistence 
is not so large, and 95% confidence intervals are 
overlapped.	

 0 0.2 0.4 0.6 0.8 1HFPCHSSPSSETSORSSGMSSScorePerformance MeasureSolar rotationPersistenceForecast
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•  Collapsing a multi-categorical forecast to a dichotomous forecast causes some information losses, 
which are included in joint PDF of forecast-observation pairs.	

•  Gandin & Murphy (1992) proposed equitable skill score for multi-categorical forecast-observation 
case (GMSS).	

•  We applied the closed form of GMSS (Gerrity; 1992) to our 4-category operational solar flare 
forecast.	

Our operational forecast is better 
than solar rotation and persistence 
methods.	
However, a difference between 
forecast and persistence is not so 
large, and the 95% confidence 
interval is overlapped.	
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•  Analyses for other event definitions.	
•  Analyses for subset data defined by solar activity.	
•  ROC and ROL analyses.	
•  Other…	

10-610-510-410-310-2X-ray Peak Flux (W m-2)Number of EventYear 2000 2002 2004 2006 2008 2010 2012 2014 2016 0 200 400 600 800 1000 1200

 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1Hit RateFalse Alerm RateC<M<X<



POSSIBILITY TO JOIN FLARE SCOREBOARD AND  
NEWLY DEVELOPING FLARE FORECASTING MODEL 
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•  Flare scoreboard is designed for probabilistic flare 
forecasts.	

•  Our “issued” flare forecast is not probabilistic but 
deterministic forecast.	

Two choices to join the flare scoreboard.	

1.  Setup a deterministic forecast option in flare scoreboard.	

2.  We estimate flare probabilities.	
•  We have estimated flare probabilities once a day as 

a reference data to make decision by forecaster. 	
•  The method is very simple, which uses statistics of 

historical flare occurrence data and NOAA’s SRS 
report.	

•  New flare forecast model has been developing.	



Na#onal	  Ins#tute	  of	  Informa#on	  and	  Communica#ons	  Technology	

GOES X-ray	

RWC Japan: TSS～0.5	
↓	

Machine Learning: TSS～0.79	

Magnetic field	 HMI/SDO	

Vector Magnetic fields	

Neutral lines	Chromospheric bright point (preflare)	

Machine Learning Techniques	
Used data	

Input	

Nishizuka+ (2016) in preparation	



POSSIBILITY OF COOPERATION OF THE OTHER MODEL 
VALIDATION EFFORTS 
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Regression order	
ー　28 hours	

Inputs	
ー　Solar wind velocity	
ー　Solar wind pressure	
ー　Dst index	

#Coefficient matrix A is estimated by the 
least square method	

↑	
40-h	

ahead	

↑	
Prediction	

Observation	
↓	

↑	
Margin for 	
prediction error	

Sakaguchi+ (2013)	
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http://seg-web.nict.go.jp/radi/en/	

This model is already in operation.	




